
ADVANCED
ROTORCRAFT

TECHNOLOGY

AND

TILT ROTOR

WORKSHOPS

a-t-

{NASA-TFI-84207} NA SA/_IAA ,_LV ANCLL)

_OTO_C_A_:T '_EChNOLOG_ AND '__Lii 6UZUR

_:_i_i : _,_, _Q_KSHOE. VOLUM_ 5: _LiO_ULSICN _ESS]ICN

_!_!/_:__. I!_i!_:_(NASA) 211 p HC AIO/HF AO] CSCL

DECEMBER 2-5, 1980

PALO ALTO, CALIFORNIA

L

HAMPTON, VI_J

VOLUME V

_Propulsion Session

N82-23241 ]

........ G3/05 126113



HAA/NASA

ADVANCED ROTORCRAFT TECHNOLOGY

WORKSHOP

December 3-5, 1980
Palo Alto, California

VOLUME V

PROPULSION SESSION



VOLUME V

PROPULSION SESSION

CONTENTS

CHAIRMAN'S REPORT

Page

V-I

TABLE - WORKSHOPSUMMARY FORM V-13

OVERVIEW - NASA-LEWIS RESEARCH CENTER,
ROTORCRAFT PROPULSION PROGRAM

V-17

AIRFRAMER SUBSESSION - MANUFACTURERS PRESENTATIONS V-55

PROPULSION SUBSESSION - MANUFACTURERS PRESENTATIONS V-129



CHAIRMAN'S REPORT

HAA/NASA ADVANCED TECHNOLOGY WORKSHOP

PROPULSION SESSION

Volume V

CHAIRMAN Charles Kuintzle Avco Lycoming

TECHNICAL SECRETARY Warner Stewart NASA-Lewis Research Center

The description of the NASA technical pr%rams was performed by D. Poferl of
NASA-Lewis Research Center.

Both Subsessions were under the Chairmanship of Charles Kuintzle.

Airframer Subsession - Presentors

Dr. Kenneth Rosen

Sikorsky Aircraft

Carl Matthys
Bell Helicopter Textron

Rodney Taylor
Hughes Helicopters

Gilbert Beziak

Aerospatiale Helicopter

David Woodley
Boeing Vertol

Propulsion Subsession - Presentors

S. M. Hudson
Detroit Diesel Allison

Arnold Brooks
General Electric Co.

Nick Hughes
AiResearch Manufacturing

Richard McLachlan

Pratt & Whitney Aircraft of Canada

Dennis Lewis

Rolls Royce, Ltd.

Edward Peace

Avco Lycoming

V-I



HAA/NASATECHNOLOGYWORKSHOP

PROPULSIONSESSION

Volume V

INTRODUCTION

The expressed needs and priorities of the civil helicopter users, the existing

NASA research efforts, and technology requirements as perceived by leading

airframe and engine manufacturers have been addressed, compared, and evaluated.

Specifically, the observations and conclusions of these areas as they relate to

the helicopter propulsion system are reported.

NASA's objective to maintain effective and continuous technology growth in the

proper direction to address the needs of civil aviation is a challenging one.

Specific programs must be focused primarily at the component level to provide

the basis of generic improvements which are ultimately applicable for incorpora-

tion into complete propulsion systems. A vital ingredient in the proper planning

and implementation of programs which benefit the industry to the largest extent,

particularly with the current funding restraints and almost unlimited technology

demands, requires a visibility that can only be achieved through very close

communication and cooperation with airframe and propulsion system manufacturers

as well as the final civil helicopter users.

The helicopter industry has, since its infancy, benefited from the close

coordination of the propulsion system manufacturer, the airframe manufacturer,

and the final user. The engine manufacturer is normally an active member of
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the helicopter manufacturers team throughout the design, development, and

application cycles of the helicopter. Continuous feedback and communication of

customer reactions and requirements is the normal business philosophy.

R&D activities conducted by NASA in the field of propulsion system advanced

rotorcraft technology are important to the civil helicopter user in terms of

how they translate into business related factors. To the user, improved public

image of the helicopter is important along with economical operation and high

reliability. Improved range and all weather capability are important factors.

The final user is not as interested in the specific component technology details

which may be required but, understandably, is interested that technology improve-

ments ultimately lead to improvements in the areas of expressed concern.

CIVIL HELICOPTER USER NEEDS

The overall task to develop relationships between user needs, existing and

planned NASA efforts, and technology requirements as perceived by airframe

and propulsion system manufacturers, is a'complex one. One would expect that

there would be significant differences in opinion based upon the different

perspectives of those involved. Interestingly enough, the active give and take

presentations and discussions throughout this Workshop showed surprising consis-

tency in identifying areas where major technology advancements are required.

The twelve presentations made by civil helicopter users (see Volume II) addressed

a very wide range of needs and concerns related to the overall helicopter system.
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Considerable commonality in user needs and concerns exist relative to

improvements desired in helicopter propulsion systems. The two areas of almost

universal concern are reliability and the need for a true single engine contin-

gency power rating. Users stated that there are too many transmission and

engine failures. Twin engine helicopters are strongly favored from a safety

viewpoint, however, OEI contingency power ratings are not sufficient to allow

full OEI capability.

Excessive transmission and engine noise within the passenger compartment is

another area in which users believe should be addressed. In addition, improved

anti-icing capability to assure all weather operation is essential. Reduced

specific fuel consumption is a need voiced by many of the users. This need is

based more upon the desirability for increased operational range rather than

from a petroleum conservation viewpoint. However, all users agree that the

need for petroleum conservation is axiomatic.

Reduced propulsion system costs, improved fuel and air filtration, and improved

corrosion resistance were further requirements expressed by users as well as

the need for basic research work in more concept advanced power systems.

AIRFRAME MANUFACTURERS TECHNOLOGY NEEDS

A number of specific technological needs were expressed by the helicopter

airframe manufacturers. These include support of low cost electronic fuel

controls, high contact ratio gear development for improved transmissions,

engine diagnostics, composite material development to reduce weight, variable

geometry engines, real OEI contingency power and a high technology turbine
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engine in the 300 horsepower class. The use of electronic fuel controls in

engines of the future is expected to provide a major step in the improvement

of the reliability of small engines which currently suffer an excessive number

of control difficulties. In addition, the utilization of electronic controls

is expected to result in reduced overall system weight as well as reduced pilot

workload. Helicopter reliability will also be improved from integrated trans-

missions, eliminating a separate reduction gearbox on the engine.

Transmission noise reduction is an area where improvement is also required.

Current technology does not allow accurate predicting and controlling of trans-

mission generated noise. The requirements for improved transmission reliability

and reduced noise are technically compatible objectives, but the real challenge

lies in being able to accomplish these along with weight reductions. High

contact ratio gearing combined with special acoustical treatment and composite

materials for transmission cases could provide the answer.

R&D effort is required to define more accurately the icing environment at low

altitudes in which the helicopter normally operates. Consistent with this

definition must become the necessary development facilities to allow proper

test and validation of new configurations at these conditions.

Echoing the users demands for real OEI contingency power, the helicopter

manufacturers add that helicopter payload is usually limited to account for

engine failures that rarely happen. That is, at the critical takeoff power

or in route at high gross weight far from a safe landing area. In order to

provide the smallest, lightest, and most efficient powerplants for normal
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operating conditions and within the current constraints of OEI certification

requirements, the ratio of 0El power to takeoff power rating must be larger

than current practice.

Little technological effort is being directed towards the helicopter reciprocating

engine at the current time. The threat of aviation gasoline shortages in the

near term could leave manysmall operators without a suitable powerplant unless

either an effective approach to utilize alternate fuels in reciprocating engines

is developed or a small turbine engine powerplant of competitive costs to the

reciprocating engine comes into the future.

ENGINE MANUFACTURERS TECHNOLOGICAL NEEDS

Engine manufacturers emphasize many of the same requirements as the users and

airframe manufacturers. Increased emergency ratings leading to increased

"Category A" payloads, is considered to be the most important element that

needs to be addressed. Several approaches to obtain improved ratings within

current regulations and by applying current technology were discussed including

a unique approach of "power pairs." This concept is based upon a rational

choice of a combination of emergency and takeoff power ratings to give the

maximum possible increase in 2 1/2 minute rating over the takeoff rating by

selecting the power conditions on a basis that just allows passing the FAA

and CAA certification tests. It is important to note that current FAA and CAA

certification practices are believed to be overly stringent in regard to the

demonstrated requirements for OEI operation. For example, the current FAA

requirement for certification requires that the engine operate at the 2 1/2

minute power rating for over two hours of the 150 hour certification test,
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whereas, in service, the engine operation at this rating could be limited to

only a few minutes in the total lifetime of the engine prior to overhaul,

inspection, or parts replacement. This requirement seriously limits the selection

of the OEI engine rating and effects all other power ratings in order to allow

sufficient margin to successfully demonstrate the ability of the engine to

meet the overall certification test requirements. As a result, engines are

larger, heavier, and burn more fuel than would be the case if the engine could

be designed and certified to a test cycle which'would require only a few minutes

of emergencyrating power demonstration. The improvements in power ratings

which could be expected from increased cycle temperatures through the use of

directly solidified as well as single crystal blading were also discussed.

Current inaccuracies in gas temperature, torque, and rotor speed instrumentation

forces a rating conservatism of as muchas 10%in some installations. Engine

manufacturers point out that giving awaythis muchusable power to compensate

for inaccurate instrumentation seriously negates manyof the componenttechnology

improvements that engine manufacturers work so deligently to achieve. It is

evident that improved user installed engine power ratings are achieveable

through improved instrumentation with existing powerplants.

Improved efficiency, compressors, and turbines will be a continuing demand.

However, it is recognized that quantumimprovements in these areas is not likely.

The use of recuperators now successfully employed in vehicular turbine power-

plants, should be pursued with increased emphasis as a meansof reducing specific

fuel consumption to improve helicopter range.
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Improved reliability through the increased application of electronic controls

is considered by practically all of the engine manufacturers as being a positive

direction for the future.

NASA ROTORCRAFT PROPULSION PROGRAM

The NASA-Lewis Rotorcraft Propulsion Program, consistent with the 1978 task

force report on Advanced Rotorcraft Technology, addresses many of the concerns

faced by the users and the technology demands expressed by the airframe and

engine manufacturers. Program emphasis is on improved engine and power transfer

reliability and maintainability, reduced fuel usage, improved environmental

capability and acceptability, and reduced acquisition and operation costs. The

major elements include system studies, components, transmissions, and overall

system integration.

Engine component research and technology development includes activity on

compressors, combustors, and turbines with the major emphasis on improved

performance, decreasing costs, and increasing reliability. A further emphasis

on improved reliability through research in the areas of transmissions, lubrica-

tion, bearings, and seals is ongoing. In addition, the effects of distortion

on load transient capability is being investigated on a turboshaft engine. An

advanced digital electronic controls program has been implemented and a study

is in progress to identify problem areas and potential solutions and to assess

the benefits of diagnostic and condition monitoring control systems.

Unique advanced propulsion system studies for high speed rotorcraft are underway

including, cycle analysis, conceptual design, and economic analysis. A program
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is being formulated to evaluate a convertible engine concept which will be used

to investigate the conversion from thrust power to shaft power needed for high

speed rotorcraft.

A program is in the planning stage to explore new concepts for contingency power

operation. Both requirements and certification methods will be considered.

Although the program is still in the early stages, it is anticipated that concepts

such as injecting water into cooling air for higher temperature operation, variable

turbine cooling and burnout power will be investigated.

In general, the NASARotorcraft Propulsion Program is supported by the user

community and the helicopter airframe and engine manufacturers, although suggestions

relative to prioritization and specific direction of someprograms are offered.

A comparison of expressed user needs with the current NASApropulsion programs

and recommendationsfor future related programs is given in the WorkshopSummary

Formswhich follow.

GENERAL DISCUSSION

The Propulsion Session of the Advanced Rotorcraft Technology Workshop provided

a useful vehicle to draw together the civil helicopter users, the airframe and

engine manufacturers and the NASA-Lewis Research Organization. The users left

little doubt as to what they wanted in the initial propulsion system. In simple

terms they wanted a low cost, fuel efficient, light weight, modular construction,

quiet, all weather, reliable propulsion system with twin engine safety and full

OEI contingency power capability. The current NASA Rotorcraft Propulsion Program
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elements address, in varying degrees, these demands.

The inlet distortion element of the NASAprogram, although useful to assess the

influence of inlet distortion on a specific engine model, does not promise direct

benefit to the civil helicopter user. Also, the controls program is directed at

a specific engine model and is not generic enough in nature to benefit turbine

engines in a general sense. Electronic controls for turbine engines is a

specialty item in the industry and, with the exception of development of basic

technology such as adaptiveness to engine conditions and helicopter operation,

is best left to the controls manufacturer.

Workshopdiscussions madeobvious that there are manyways to get the sameend

results. Increased range or fuel efficiency can be achieved by engine specific

fuel consumption reductions, by reduced helicopter system weight, and by improved

airframe aerodynamics. The best approach to a large degree, depends on the level

of technology available at any point in time. Although the development of new

engines is an expensive and long term path, it is one that must always be followed.

The application of available technology such as more extensive use of composits

for airframe structures could offer a shorter term solution.

To the civil helicopter user the real measure of the helicopter's usefulness is

summedup in one word - "profit." The major driver is helicopter availability

which can be translated into terms repeatedly used during the workshop ---

"system reliability" and "all-weather capability." Fuel consumption is important

both from direct operating costs standpoint and useful range.
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At the current time, NASAprograms do not address the helicopter reciprocating

engine to any significant degree. Until such time that the industry makes

available a small, high performance turbine engine comparative in price to the

reciprocating engine, the low gross weight helicopter (i.e. under 6000 Ibs.) is

dependent upon the reciprocating engine. Decreasing availability coupled with

the continuing increasing cost of aviation gasoline is generating a major threat

to the survival of helicopters in this category. Programs to develop the neces-

sary technology to .allow the reciprocating engine to burn more readily available

fuels in an efficient and dependable mannershould be considered.

Without question, the single element attracting the most interest during this

workshop was the need for real OEI contingency power. This requirement is

identified as the numberone priority by the users and by the airframe and

engine manufacturers. In order to effectively address this universal concern,

it is recommendedthat a joint civil helicopter user, industry, NASA,and FAA

workshop be planned to address approaches to obtain regulatory recognition of

special OEI burnout ratings in combination with realistic certification require-

ments for these ratings.

CONCLUSIONS

No obvious quantum technology improvements that will specifically address user

needs are on the horizon. The needed improvements are going to be the result

of expensive evolution and extensions of current technology. The current NASA

propulsion programs are generally supported. These programs address the user

needs but appear to be over comprehensive relative funding levels available.
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The three areas where either additional effort is required or where programs

should be implemented include improved OEI contingency power, alternate fuels

for helicopter reciprocating engines, improvement of the reliability and

accuracy of engine sensors.
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OVERVIEW - NASA-LEWIS RESEARCH CENTER
ROTORCRAFT PROPULSION PROGRAM

D. Poferl

The overall objective of the rotorcraft propulsion program is to develop
analytical design tools, component technology, and advanced propulsion con-
cepts for future rotorcraft. Program emphasis is on improved engine and
power transfer reliability/maintainability, reduced fuel usage, improved
environmental capabilities and acceptability, and reduced acquisition and
operation costs. The program is consistent with the 1978 Task Force Report
on Advanced RotorcraSt Technology. The major elements include systems
studies, components, transmissions and overall system integration.

Engine component research and technology includes analysis, design and test
of compressors, combustors, and turbines to improve performance, decrease
cost and increase reliability. Transmission research and technology includes
both component and full power transmission testing. Lubrication, bearing,
seals and gearing are being improved to extend life, reliability and load
carrying capabilities of both conventional designs and unconventional designs
such as hybrid traction drives. The engine component research and technology
programs are jointly sponsored by NASA and USARTL.

The General Electric T700 turboshaft engine is being used as a research tool
to understand the effects of distortion on load transient capability. Also,
an advanced digital electronic controls program for improved safety and
engine stablization has been implemented for testing in the FY 82 time period.
To further enhance engine and power transfer reliability, a study is in prog-
ress to identify problem areas and potential solutions, and to assess the
benefits of diagnostic and condition monitoring control systems.

System studies to identify unique advanced propulsion systems for high speed
rotorcraft are under way. These studies which include cycle analysis, con-
ceptual design, and economic analyses wilt be used to guide NASA research in
the area of advanced propulsion systems for future high productivity rotor-
craft. Configuration types to be considered include X-Wing, Advancing Blade
Concept (ABC) and the folded tilt-rotor.

A major program to evaluate a convertible engine concept is in the final for-
mative stages. A modified TF34 turbofan engine will be used to investigate
the conversion from thrust power to shaft power needed for high speed rotor-
craft. Dynamic power transfer will be accomplished by using variable inlet
and exit fan compressor guide vanes which off-load the fan during shaft power
operations. The electronic digital control modes that will be used for these
tests will simulate an x-wing type configuration and mission requirements.
This program is a joint NASA and Defense Advanced Research Projects Agency
(DARDA) program.
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Advances in rotor, propulsion system, and rotorcraft deicing are being ex-
plored both at the Lewis Research Center and the AmesResearch Center.
Research models are being developed to examine new optimized ice protection
systems with eventual full scale testing of the most promising concepts.

Plans are being formulated to explore new concepts for contingency power
operation. Both requirements and certification methods will be considered.
Concepts such as injecting water into cooling air for higher temperature
operation, variable turbine cooling and burn-out power will be investigated.

The 1978 Task Force reports indicate that the present component improvements
will start to be investigated in system tests beginning _n FY 1984. Propul-
sion and Transmission Research activities are vigorously being pursued to
achieve this goal. A continuing advocacy for rotorcraft is needed to assure
success of these ambitious objectives of the rotorcraft propulsion program.
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REQUIREMENTS FOR EFFICIENT SMALL TURBINE ENGINES

TAKING UP THE CHALLENGE

By Rodney Taylor (Hughes Helicopter)

Aircraft development depends on availability of engines of the proper size

and rating to do the required job. Commerical helicopter development in

the past consisted of converting a military machine to civilian use.

Today's military helicopter is not suitable as use as a commercial machine.

Since most engines are designed for use in military machines, some

cormmercial market segments go begging for want of a proper helicopter to do

the job. Two significant examples are the 2-3 place single engine trainer

and a light weight efficient 6 place executive twin. Although these

machines could use a common 300 SHP turbine none exist. With fuel cost and

availability worsening at an alarming rate, light weight efficient

machines are where the development should be concentrated. Technology and

market are available to develop the required engines. It simple awaits the

acceptance of the challenge.
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HAA/NASA ADVANCED ROTORCRAFT TECHNOLOGY WORKSHOP

BY DR. KENNETH M. ROSEN (SIKORSKY AIRCRAFT)

NASA's Advanced Rotorcraft Technology Program presents the opportunity to

investigate some of the problems facing helicopter manufacturers today.

The areas in which the program can provide assistance relative to Propul-

sion Systems form the subject of this viewgraph presentation to the Pro-

pulsion Session of the HAA/NASA Advanced Rotorcraft Technology Workshop.

Sikorsky believes NASA's Rotorcraft Technology Program should include

several specific efforts relative to Propulsion Systems. These efforts

include the areas of helicopter icing, engine controls, bleed air manage-

ment and transmission technology and noise reduction. Each of these areas

is discussed individually with an outline of the problem and the suggested

ways in which NASA can contribute to its solution.

Helicopter icing is an area in which significant contributions can be made

in providing the data base for revising current certification re-

quirements. R&D efforts should also be conducted to define the icing

environment at low altitudes, to improve icing development facilities, to

correlate natural and simulated icing, and to develop falling and blowing

snow test facilities.

The development of electronic fuel controls for helicopter engines

presents the opportunity to integrate the engine and aircraft control

systems to a greater degree than heretofore possible. New modeling

technology and the capability of information exchange between the two sys-
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tems can improve engine dynamic response and minimize rotor droop while

avoiding instabilities. Studies directed at identifying the airframe

parameters that could be interfaced with the engine control could lead to

improved aircraft performance and maximum utilization of the new control

technology.

With the increased use of engine bleed air on modern helicopters, it has

become increasingly important to manage the bleed air supply to minimize

aircraft power penalties. An approach to bleed management that warrants

study utilizes mixing of mid and final stage compressor bleed air to use

the minimum amount of bleed at the optimum bleed temperature as a function

of ambient temperature and engine power.

Gearbox noise reduction is an area of increasing importance in the civil

helicopter field and NASA's technology program should include efforts to

establish effective means for predicting and controlling transmission

noise. Noise will be a strong consideration in new designs with trans-

mission weight goals likely to be inconsistent with noise goals. It is

important, therefore, that a systems approach be taken to achieve noise

reduction recognizing the reduction in helicopter weight afforded by a

gearbox noise reduction. Some of the concepts which are being considered

for achieving noise reduction include high contact ratio gears, trans-

mission housing damping, and acoustic isolation of the transmission.

Coupled with a dynamic analysis of the power train design, these and other

concepts could provide significant transmission noise reductions in future

designs.
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NASA PROPULSION RESEARCH

By Carl Matthys (Bell Helicopter Textron)

Three potential areas for NASA Propulsion Research are discussed. The

first area is a review of helicopter direct operating costs points out the

high percentage of fuel costs. Technology like composites, avionics, fly

by light controls and rotor aerodynamics do not hold as much promise as

engine and transmission technologies for reducing fuel consumption.

Approximately 90% of the helicopters in operation today weigh less than

6,000 ibs. and their small engines have the highest specific fuel consump-

tion of all engines on the market today reflecting a need for small engine

research.

The operators desire for safe twin engine operation is being reflected in

FAA proposed rule making for the condition of one engine inoperative.

Research here will ultimately change present engine controls and the

present concept of engine ratings.
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PARAMETRIC STUDY ON THE INFLUENCE OF THE ENGINE UPON THE

OPERATING COST OF A CIVIL HELICOPTER

BY GILBERT BEZIAC (AEROSPATIALE)

This study states the influence of engine characteristics (weight, fuel

consumption, power, price, complexity, possible evolution) and of the fuel

price upon the DOC and the cost per kg payload/km.

After having defined the parametric relationship between the various

factors, several engine alternatives are compared for a helicopter like

the Dauphin. These comparisons are made for two types of missions: off-

shore over 900 km, corporate over 300 km.

A low specific fuel consumption, noticeable on the kg/km cost especially,

is of particular interest for long missions.

An improved engine efficiency leads to an increased engine power and is

consequently not profitable, which _onfirms the disadvantage of having

excess engine power on a civil aircraft. This trend is reversed if it goes

along with an increased gross weight of the aircraft and leads to a

substantially improved aircraft efficiency.

Even with a 100% fuel price increase, only slight modifications appear in

these comparisons. On the contrary, reducing the maintenance cost through

longer MTBR or through the adoption of a modular type of maintenance

noticeably lowers the operating cost of a helicopter.
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EVOLUTION CF REFERENCE ENGINE
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EVOLUTION OF REFERENCE ENGINE
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FUEL PRICE INCREASE

EFFECT ON OPERATING COST
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HAA/NASA ADVANCED ROTORCRAFT WORKSHOP

PROPULSION SUB-SESSION

BY DAVID WOODLEY - BOEING VERTOL COMPANY

The impact of engine ratings on aircraft performance and size is discussed,

including power relationships for different phases of flight and the

effect of power available on category A take-off distance. Desirable

engine characteristics are described relative to fuel consumption, opera-

tional characteristics and limitations, performance growth and engine

deterioration.

In addition, current and future advances in drive system technology are

discussed.
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AIRCRAFTENGINEOVERSIZEEFFECTS

275 _ OIL SUPPORT MISSION

(PLUS DIVERSION, RESERVES, AND 30 KT WIND)
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OF. POOR QUALITY

TODAYS HELICOPTER TOMORROWS HELICOPTER

_.,.o=-,=_,o,,= .......j j.o.==.= / /

EXISTING DATA LINK (PER ENGINE)

• 2 MECHANICAL LINKS

(POWER LEVER & SPEED SELECT)

• 48 WIRES (INSTRUMENTATION)

SENSOR

PYRO_[-J_-

OTHER
SENSORS

DIGITAL

FUEL

CONTROL

= WITH

MUL_XEF

SIGNALS
L

ENGINE J
DIAGNOSTIC

r ENGINE / AIRCRAFT _

DATA LINK

1980 DATA LINK (PER ENGINE)

• 1 MECHANICAL (POWER LEVER)

• 1 FIBER OPTIC CABLE

PILOT INPUTS

• START

•OFF
• ANTI--aCE

• COLLEC'n/E prrcH

D;GO'AL INSTRUMENTS

DATA

DECOOER

HISTORY
RECORDER
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